This study analyzes the evolution of interorganizational response networks over time. The study aims to investigate an organization's position and role as a result of the dynamic changes that occur through the evolution of interorganizational response networks. Social network analysis measures are applied in order to evaluate not only network structure and specifications but also an organizations focal structure and role changes over time. Using Hurricane Charley's coordination data of the activities of several organizations involved in the response process over time, the study evaluates networks and the organizations' network structural changes over a period of time. The results show that analyzing static networks does not reflect how the network evolves and how different organizations change their role as the incident emerges. This study takes these criticisms into consideration and adds time dimension to the analysis of response networks. It is the first step in investigating the emerging structure of interorganizational response dynamics during emerging disasters and its effect on improving coordination output. In addition, the study proposes indicators for identifying real, lead or coordinating organizations in interorganizational networks.
Introduction
Analyzing the relations between organizations has been a major concern of organization theorists for a long time and the units of study have shifted from the dyad to the organization set and then to the network (Provan & Milward, 1995) . Resource dependency and information exchange are important aspects of organizational relationships. Therefore, organizations make strategic choices to form or become part of a cooperative network of other organizations (Uzzi, 1994) .
The effective development and operation of interorganizational networks is essential in protecting human lives and property as well as infrastructure damage during disasters (Kapucu & Ozerdem, 2011) . On the other hand, worldwide losses from disasters related to natural hazards have risen dramatically (Munich Re Group, 2005; Swiss Reinsurance Company, 2006 ) and this trend is growing due to human-induced climate change (Crompton & McAneney, 2008) , which is also expected to grow exponentially in the future (Kapucu & Ozerdem, 2011) .
During a disaster, the situation becomes more complex because of increasing interactions and interdependency among actors (e.g., individual people and organizations). As a result, the need for coordination increases in order to achieve a common goal. Therefore, forming cooperative information exchanges in order to respond to disasters effectively and efficiently is essential for participating (involved) organizations. Both exogenous (e.g., environmental parameters) and endogenous (e.g., formation of links among actors, frequency of interactions, limited capacity of actors) factors, and the resulting structure of interactions among actors (e.g., interorganizational networks) change during the response phase of a disaster.
Poor coordination is a fundamental problem during emergency response, and is primarily due to (i) a lack of efficient communication between organizations, (ii) a lack of up-to-date and relevant information circulation through the emergency response network, and (iii) insufficient access to data and action plans (Hossain & Kuti, 2010; Van Borkulo, Scholten, Zllatanova, & van den Brink, 2005) .
Therefore, a deep understanding of interorganizational response network structures and the process of locating information flow and exchange is essential in optimizing response networks. This helps emergency managers and policy makers in making better informed decisions. However, reliable data, tools and measures are missing to evaluate the efficiency of interorganizational response networks in the rapidly evolving and changing environment of disasters. This study is the first step in investigating the evolving structure of interorganizational coordination dynamics during disaster response operations and its effect on improving coordination output.
The study applies network analysis for evaluating the response network's topology and structural change which occurs as a result of the dynamic changes present in disaster response. Network analysis has shown to be applicable to emergency management research as a theoretical lens and analytical tool for discovering the patterns of communications and its dynamics in crisis situations (Abbasi et al., 2010; Durland & Fredericks, 2002; Hamra et al., in press; Kapucu et al., 2010; Kilduff & Tsai, 2003; Mandell & Keast, 2007; Provan et al., 2005; Varda et al., 2009 ). Thus, it helps us to investigate how interorganizational response networks change during a disaster. This can lead to improving interorganizational coordination and thus enhancing emergency management effectiveness.
The study specifically examines the following research questions: How does an organization's position change through the emergence of interorganizational coordination networks during response to disasters? How can organizations, which play a key coordination role in interorganizational response networks during and after a disaster, be identified?
The 2004 Florida Hurricanes, as one of the greatest natural disasters in American History (Varda et al., 2009) , provide a good opportunity to test these research questions. This research's focus is centered on Hurricane Charley's coordination (cooperation) network. The data was collected from a content analysis of government documents, newspaper reports and interviews which has been used in other recent studies exploring the aforementioned phenomenon (Kapucu et al., 2010) . This study contributes to emergency management literature by investigating the dynamics of interorganizational response networks for the first time.
The paper is organized as follows: Section 2 provides a review of the existing literature in the context of coordination theory, emergency management and aspects of interorganizational coordination in disaster management studies followed by a brief presentation of social network analysis concepts and measures. In the following Section, an overview of data collection together with the methods used for data analysis is described. In Section 4, the analysis and results are described. Lastly, the paper concludes with a discussion highlighting the contributions and implications of this study on research and practice.
Literature Review

Interorganizational Coordination
The study of coordination attracts attention from many different disciplines and there is a considerable body of knowledge to be found in the fields of organization theory, management science, computer science, economics and psychology. Malone (1988) suggested that it is important to articulate what is meant by coordination as a theory. The aim was to find how the activities of separate actors can be coordinated. It was noted that "good coordination is nearly invisible, and we sometimes notice coordination most clearly when it is lacking" (Malone & Crowston, 1990, p. 2) . Coordination is defined as "the additional information processing performed when multiple connected actors pursue goals that a single actor pursuing the same goals would not perform" (Malone, 1988, p. 5) or "managing the dependencies between activities" (Malone & Crowston, 1994) .
Coordination can be regarded as one of the elements associated with disaster management processes (Kapucu, 2012) . McEntire (2002) studied the March 2000 tornadoes in Ft. Worth, Texas, and suggested that the major factors to facilitate coordination are program acceptance, preparedness activities, networking, technology and so on and the factors which hinder it are lack of information, block access, language barriers, etc (Drabek, 2006) . Dynes and Aguirre (1979) highlighted two different types of coordination in organizations: coordination by plan and by feedback. The pre-established planned programs and activities directing and standardizing the functioning of organizations are considered as coordination by plan. This kind of coordination is vastly used for traditional emergency organizations (e.g., police and fire agencies). On the other hand, coordination by feedback is about learning processes and sharing new information in order to facilitate the mutual adjustment of different parties. When there is a large gap in status and power within an organization, more emphasis is on coordination by plan. More emphasis is placed on coordination by feedback in situations where organizational structure is so diverse and/or high that uncertainty exists in the organizational environment (Dynes & Aguirre, 1979) . Coordination by plan reflects a mechanism usually applied in emergency management, the use of a coordinator to control and manage individuals and organizations involved in the response network.
Given that emergency events are frequently dynamic, coordination by plan is usually less optimal and coordination by feedback can be seen as more desirable. In general, in extreme events, the rate of communication elevates and results in creating conditions where organizational structures need to move in the direction of coordination by feedback, to exchange new information, and away from coordination by plan (Dynes & Aguirre, 1979) . However, it can be argued that better performance in managing emergencies would require the use of a mix of both types of coordination.
Emergency Management and Interorganizational Networks
During emergency and disaster situations individuals from different agencies cooperate to properly respond to the incident collectively. Inevitably participants need to interact, communicate and cooperate with each other through the use of sharing information and experience, reporting and briefings, requesting resources and so on. Therefore, coordination network shapes, including agencies or participants from different organizations or agencies as actors and their communication (interaction), represent the links or ties among actors in order to respond to the emergency.
When a disaster occurs, organizations learn from one another and perform at levels that lie beyond the capacity of the individual organizations acting alone. As emergency response and management increasingly rely on interorganizational response to disasters (Corbacioglu & Kapucu, 2006; Kapucu, 2006 Kapucu, , 2012 Moynihan, 2006; Moynihan, 2005) , research on how organizations learn in the face of repeated disasters takes on heightened importance (Kapucu et al., 2010) . "Disasters produce unique combinations of choices, actions, and reasoning that cannot be predicted. This perspective better represents the complexity of disaster situations and the problematic nature of post-event evaluations" (Kapucu et al., 2010) .
The coordination of emergency response is challenging because it evolves out of the urgent needs of an emergency situation (e.g., great uncertainty; sudden and unexpected events; the risk of possible mass casualty; high amounts of time pressure and urgency; severe resource shortages; large-scale impact and damage; and the disruption of infrastructure support necessary for the coordination of electricity, telecommunications, and transportation (Chen et al., 2008) , but the problem is that coordination is often underestimated in emergency response studies even though it influences the loss of life and properties in affected areas (Chen et al., 2008) .
While there are studies analyzing interorganizational coordination networks in emergency response management (Kapucu, 2005 (Kapucu, , 2009 there are few network analysis related studies looking at the network structure of individuals and groups. It seems no one has investigated the change of an organization's (node) position and role as it pertains to the network's dynamic transformation as the disaster is evolving and changing over time.
Networks and Network Analysis
Within the context of public administration and interorganizational theory, several definitions for network has been highlighted by Mandell and Steelman (2003) . Kickert et al. (1997) focusing on the interdependency of networks, defined network as "[s]table patterns of social relations between interdependent actors which take shape around policy problems and/or policy programs" (p. 6). O'Toole (1997) defines networks as "structures of interdependence involving multiple organizations, or parts thereof, where one unit is not merely the formal subordinate of others in a larger superior-subordinate arrangement" (p. 45). They also cited Agranoff and McGuire's (1999) quote (p. 23) defining networks as "multi-actor structures designed to achieve a specific purpose and comprised of any number of organizational actors" Luke et al., 1988) .
Considering the general terms of network in network science, a network is a set of individuals or groups, each of which has connections of some kind to some or all of the others. Networks operate on many levels and consist of many types, from a dyadic friendship or interactions among cells, to international cooperation networks. Networks play a critical role in determining the way problems are solved, organizations are run, markets evolve, and the degree to which individuals succeed in achieving their goals (Abbasi, Altmann, & Hossain, 2011) .
(Social) network analysis is a set of mathematical methods and tools used to analyze and visualize networks. In the language of network analysis, the people or groups are called 'actors' or 'nodes' and the connections 'ties' or 'links'. Both actors and ties can be defined in different ways depending on the questions of interest. An actor might be a single person, a team, or a company.
Network Analysis Measures
Social Cohesion
Social cohesion is often used to explain and develop sociological theories. Members of a cohesive subgroup tend to share information, have homogeneity of thought, identity, beliefs, behavior, even food habits and illnesses (Wasserman & Faust, 1994) . Social cohesion is also believed to influence emergence of consensus among group members (Balasundaram, et al, 2008) . "Examples of cohesive subgroups include religious cults, terrorist cells, criminal gangs, military platoons, sports teams and conferences, and work groups etc" (Balasundaram et al., 2008) .
Modeling a cohesive subgroup mathematically has long been the subject of interest in social network analysis. One of the earliest graph models used for studying cohesive subgroups was the clique model (Luce & Perry, 1949) . A clique is a sub graph in which there is a link between any two actors (vertices). However, the clique approach has been criticized for its overly restrictive nature (Alba, 1973; Wasserman & Faust, 1994) and modeling disadvantages (Freeman, 1992; Seidman & Foster, 1978) . Clique models idealize three important structural properties that are expected of a cohesive subgroup, namely: familiarity (each node has many neighbors and only a few strangers in the group), reachability (a small diameter, facilitating fast communication between the group members) and robustness (high connectivity, making it difficult to destroy the group by removing members) (Balasundaram et al., 2008) .
Network Density
Density describes the general level of linkage among the actors in a network (Scott, 1991) . The more points connected to one another, the denser the network is. So, the densest network is one in which all actors are connected with each other but such networks are very rare. In sum, density is "simply a measure of the extent to which all network organizations are interconnected, or linked to one another, and reflects network cohesiveness" (Provan & Milward, 1995) .
The Giant Component
In small networks, with few actors and connections, all individuals belong to a small group of collaboration or communication. As the total number of connections increases, however, there comes a point at which a giant component forms, this occurs when the largest number of nodes are all connected. It is important to realize that the response network can be fragmented in many clusters or can be fully connected. Fragmentation indicates that there is a pair of organizations that has no interaction with others at all.
Connectivity
A network is connected if each node can reach every other node. Thus, if at least two nodes are not directly connected, the network can be considered disconnected. The degree to which a network is disconnected is a function of the number of mutually disconnected pairs of nodes. As a result, dividing the number of pairs of disconnected nodes to all possible connections in a network (n(n-1)/2 where n is the number of nodes) gives the degree of a networks disconnectedness and consequently the degree of connectivity can be defined as the subtraction of that ratio from 1 (Krackhardt, 1994) .
If the organizations are very separated from each other, then it is more difficult to organize them through a network (Krackhardt, 1994) . During an incident involved individuals and organizations have many expectations from others (needs of information and resources). Thus, their connectivity is essential in responding to the emergency properly.
Network Centralization
A method used to understand networks and their participants is to evaluate the location of nodes in the network. Measuring the network location is about determining the centrality of its nodes. Node centrality measures help to determine the importance of a node in the network. Bavelas (1950) was the pioneer who initially investigated the formal properties of centrality and proposed several centrality concepts. Later, Freeman (1979) found that centrality has an important structural factor influencing leadership, satisfaction, and efficiency.
"The concepts of density and centralization refer to differing aspects of 'compactness' of a graph. Density describes the general level of cohesion in a graph; centralization describes the extent to which this cohesion is organized around particular focal points" (Scott, 1991) . Degree centrality is an important node centrality measure. It is simply the number of other nodes connected directly to a node. Necessarily, a central node is not physically in the center of the network. The degree centrality of a node is calculated in terms of the number of its adjacent nodes.
To examine if a whole network has a centralized structure, one has to consider all node centrality measures. The general view is finding differences between the most central nodes' centrality scores and others'. Then, centralization is calculated as a ratio of the sum of these differences to the maximum possible sum of differences. A network centralization measure indicates how tightly the network is organized around its most central nodes. In sum, "centralization refers to the power and control structure of the network, or whether network links and activities are organized around any particular one or small group of organizations" (Provan & Milward, 1995) . Bavelas (1948 Bavelas ( , 1950 and Leavitt (1951) applied the centrality concept as a surrogate for the position of actors in a network to investigate the relation between an actor's position and the coordination performance of the network. During their experiment (known as the MIT experiment) it was found that centralized structures (e.g., star or wheel networks) were far more conducive to performance (solving the puzzle faster) in contrast to decentralized or flatter structures (e.g., circle networks). The crux of the argument is that information flow is inefficient in decentralized networks and therefore less conducive to performance (Abbasi, Chung & Hossain, in press ). However, later research by Guetzkow and Simon (1955) revealed that decentralized structures actually worked better than centralized structures when tasks become more complex.
If a network's links are directed (the direction of the links between each two nodes is important), then we should use in-degree (considering the input links: links to a node) and out-degree (considering the output links: links from a node to others) centrality measures. Consequently, we will have network in-and outdegree centralizations.
Contribution Index
As in a directed network, it is usually easier to have a single measure rather than two (in-and out-degree), we use Gloor et al.'s (2003) proposed contribution index (CI) to combine out-degree (e.g., number of requests a node sends to others) and in-degree (e.g., number of requests a node receives from others). CI is defined for each node as below:
CI is +1 if the node only sends messages (out-degree > 0 and in-degree=0). It is -1 if the node only receives messages (in-degree > 0 and out-degree=0) and it is 0 if the node has a totally balanced communication behavior by sending and receiving the same number of messages (out-degree=in-degree).
Data and Methodology
Data Collection
In 2004, the state of Florida was struck by four consecutive major hurricanes within a six week period. Hurricane Charley occurred on August 13 th . State officials estimated that more than 1.9 million people evacuated Florida during the 2004 hurricane season (FEMA 2005) .
The data collected by Kapucu for four hurricanes in Florida in 2004 who conducted a content analysis by reviewing Florida State Emergency Response Team (SERT) situation reports before, during and after Hurricane Charley. SERT's situation reports were made available to the public daily and weekly, and outlined current response efforts being monitored through the State Emergency Operation Center (EOC). The data collection process numbered and catalogued organizations involved in response efforts. The transactions reported and focused on the response effort monitored by SERT situation reports.
Methods
Each issue was reviewed for articles that detailed community response to storm preparation, storm action, or post-storm responses. Each entry was numbered by date, the organizations were listed as separate entries and given organization numbers, the contact, sector, and source of funding were identified, and the transaction was recorded. Organizations that worked together and shared knowledge and resources to accomplish a task were noted (Kapucu et al., 2010) .
From the result of the content analyzes of Hurricane Charley, the research team identified the main organizations involved in response and support management, in addition to other interactions amongst organizations. Thus, having actors (organizations) and links among them (their interactions) a picture of the interorganizational response network of Hurricane Charley was produced.
UCINET (Borgatti, Everett, & Freeman, 2002) , a social network analysis software program was used to analyze the response network and its actors. Social network analysis measures the relations in a network and provides a comprehensive picture of the network relationship (Mandell & Keast, 2007) .
Analyzes and ResultsInterorganizational Network Evolution
During Hurricane Charley, 114 interactions among 96 distinct organizations between 08/12/2004 and 08/29/2004 were found, which provides the interorganizational cooperation (coordination) network produced to respond to the incident. In order to investigate dynamic changes and the emergence of the interorganizational response networks, we use five distinct time frames (durations), consisting of three days, except the last period (T5) which had very few interactions from August 24-29, all interactions of those five days were included in one duration. Table 1 shows a distinct number of organizations (number of nodes) and the frequency of interorganizational interactions (number of links), network density, network connectedness, number of components, and their in-and out-degree network centralization measures for each duration in addition to the entire duration of Hurricane Charley. The results show that interorganizational response networks in all durations are very sparse (very low density). The first duration's (which includes the time the incident occurred) network has the most sparse structure, but the density of the response network structure does increase over time and reaches its densest in the last duration (T5) which is still very sparse.
The networks' low connectedness measures indicate that there are a lot of pairs of organizations that are not mutually reachable except at the fourth duration (T4) where there is at least one path between each pair of organizations in the network. Considering the entire duration, about 60% of organizations are connected to each other (can reach each other). Higher numbers of components indicates more unconnected sub-networks and, as results show, all the organizations are connected at T4 while in other cases there are several unconnected sub-networks.
In order to identify to what extent the networks are centralized (around one or few nodes), one must consider the number of links from each organization to their partners (i.e., out-degree). At T1 the network has the most decentralized structure but then changes toward a more centralized structure in the last durations. This reflects that at T1 many organizations are seeking resources but at T5 (and to some extent at T4 and T3) there are just a few organizations (at the center of the networks) which are seeking resources, as identified through many links to others.
On the other hand, considering the number of links to each organization from their partners (i.e., in-degree), results shows that at T1 the response network is more centralized around just a few organizations, providing support to others through receiving many requests (represented by links) from others.
Analyzing the network centralization of the entire duration and considering the organizations in-degree and out-degree centralization measures, a picture is painted in which the interorganizational response network structure is highly decentralized. This indicates that there is not a specific coordinating organization to manage and control requests and information flow. The response networks' structures are more centralized focusing on each period of time. This indicates that there are few organizations in the center of the network (not physically) communicating with other organizations at each duration.
Organizations' Position Changes during Evolution of Response Network
In order to investigate the dynamic changes of positions and roles of organizations during the evolution of the incident, we analyze the changes of the organizations' centrality measures (i.e., in-degree, out-degree) over time. Table 2 shows the top 20 provider organizations (having a high in-degree) which receive the most requests from other organizations that are seeking resources or any kind of support. The first column shows the abbreviation of names and codes of the organizations in descending order of their overall normalized in-degree centrality measure (proportion of the number of links to the organization to all possible links of that organization) for the entire duration of the incident as shown in the second column. The following columns indicate the normalized in-degree measures and rank of the organization at each period. The blank fields indicate that the organizations did not receive any links (e.g., requests or information) at that duration.
As Table 2 shows, the organization SERT (#333) has the highest in-degree centrality of the entire duration which means that it receives more links from others but not necessarily in every time period. As it is shown, it has no interaction (communication) at T4 and it was not ranked first in other durations. A similar situation applies to OCEM (#333) and FEMA (#2) as the second and the third highest central organizations. Interestingly, none of the organizations are active at all durations and there are just few organizations that are active providers (receiving links) at two or more durations. On the other hand, Table 3 shows the top 20 seeker organizations which had more communications with other organizations (having high out-degree centrality measures) for seeking support. Although FDEM (#13) is the most active seeker organization of the entire duration of the incident, it has no links to others at T1 and T3. It is the most central organization only during the last two durations. Again just a few organizations have links to others at two or more durations.
Comparing the two tables, we can see that only FEMA is among the top three seeker and provider organizations and SERT (as the top provider organization) is not in the list of seeker organizations, the same is found for FDEM (as the top seeker organization) which is not in the list of provider organizations. This indicates that they just send or receive requests and they are definitely not a good candidate to coordinate the interorganizational cooperative network. Obviously, the organizations which have both provider and seeker roles are the ones that are (somehow) coordinating the cooperation networks by passing the requests from seekers to providers. In order to find these types of organizations, we use a contribution index which combines two measures (e.g., out-and in-degree centralities). In our dataset, we found just 8 organizations (out of 96) which have both links to and from other organizations (FEMA, OCG, ARC, WTFV, FSGO, OSG, WKMG, and VCG). On the other hand, to find active organizations (the ones connected to a higher number of organizations), we define average degree as the sum of the out-degree and in-degree divided by 2. Thus, the highest average degree shows the most active organization, which is the one that has many connections or communications with more organizations regardless of direction of the connection. Table 4 shows the top 20 active organizations in descending order of their average degree followed by their out-and in-degree centrality and contributionindex (CI). CI is 1 for the seeker organizations that have no providing role; -1 for the provider organizations that have no seeking role; and otherwise 0 for the organizations which are playing the role of coordinators through having both seeking and providing connections in the response network. FEMA is the most active organization which is linked both to and from other organizations (22 interactions). Thus, it is the best potential coordinator for the emergency response network. 
Discussions and Conclusion
This paper investigates the dynamic changes of interorganizational response networks during response to Hurricane Charley (one of the major Hurricanes that hit Florida in 2004). The importance of network metrics was highlighted in order to analyze disasters response networks. The results show that there is no specific ordered trend for any of the interorganizational cooperative networks' measures which were explored in this study (i.e., density, connectedness, number of components, out-degree and in-degree centralizations) except for out-degree centralizations which increased over time. This implies that while immediately after the hurricane occurs, organizations involved in emergency response have an almost similar frequency of requests, but towards the end of the recovery process only a few organizations are seeking resources and information. In order to investigate the evolving structure of the response network over time, this study splits the duration to smaller time frames (three days). The analysis shows that interorganizational response network structures are not fixed and vary in each period (depending on the circumstances). This study contributes to emergency management literature by considering and investigating the dynamic changes of organizational roles and positions throughout the evolution of interorganizational response networks during and following a national disaster.
Understanding the existing structure of networks is important to predict the nodes' local structure and positional change over time (Abbasi, Hossain & Leydesdorff, 2012) . Therefore, this study used network analysis measures in order to quantify and distinguish the response networks structure and each organization's position and structure in the response network for each time period. Using those measures, it was found that the rate of communication increases and creates conditions requiring organizational structures to move in a new direction to exchange new information which is usually away from their preparedness plans. This verifies the need for coordination by feedback as described by Dynes and Aguirre (1979) . On the other hand, due to the complexity and dynamicity of coordination during disaster management, coordination by plan is of importance. Therefore, there is a need to combine both, coordination by plan and feedback, in order to move toward a more self-organize situation in which organizations cooperate collectively to respond efficiently to the disaster.
One of the criticisms to social network analysis is the lack of time dimension. Analyzes of networks are often times static and provide a snapshot of relationships. Thus, it would not be possible to capture a dynamic network picture. This study takes these criticisms into consideration and adds time dimension to the analysis of response networks. The response network was analyzed under five different time frames. As such, it is potentially a very useful contribution to the literature.
The study found that most of the central organizations (considering both information and resource seeker and provider organizations) over time were just requesting or providing and were not good candidates for coordinating the interorganizational response network which is needed to play the intermediating role of not only receiving requests from some organizations but also responding to them or forwarding their request to other proper organizations. Therefore, central or lead organizations are not necessarily the best potential coordinators.
In order to identify the real coordinators in the response network, this study used an average degree measure and the contribution-index. Average degree centrality is a surrogate for active organizations which have links to many other organizations. This variety of social ties helps them to become more familiar with each other and build trust among themselves. The contribution index is a proxy to distinguish the organizations that play two roles, as provider or seeker of resources.
The use of a single dataset can be considered one of the limitations of this study. In order to generalize results and findings, there is a need to apply these analyzes to more data points (and sources) in future studies. This approach is not only limited to disasters (natural, technological and manmade) management but can be applied in any other fields which coordination is needed.
